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Summary

Chronic inflammatory bowel diseases (IBD) comprising Crohn’s disease (CD) and ulcerative coli-
tis (UC) are characterized by chronic relapsing inflammation of the gastrointestinal tract. The 
combined prevalence of CD and UC is estimated at 100 – 200 / 100.000 in developed countries. 

The pathogenesis of IBD is only partially understood but concordance rates in twins and sib-
lings suggest that a genetic predisposition, apart from environmental and immunological fac-
tors, contributes to the pathogenesis of IBD. In the past decade, tremendous progress has been 
achieved in unraveling the genetic etiology of IBD; several susceptibility loci for IBD have been 
identified and the CARD15 gene encoding for the NOD2 protein on chromosome 16 (IBD1) has 
been found to be strongly related to CD susceptibility.  NOD2 is part of the innate immune sys-
tem and recognizes specific bacterial membrane components. Two missense mutations (R702W 
and G908R) and one frameshift insertion mutation (L1007fsinsC) in the leucine rich repeat re-
gion of the protein are independently associated with ileal CD in caucasian patients, suggesting 
that a defect in bacterial recognition might be involved in CD.  Since CD and UC have many dif-
ferent phenotypic presentations and genome wide scans detected several linkage regions, IBD 
is considered a multigenic disease . Multiple low penetrance genes, each with a small overall 
contribution are probably associated with (different subsets of) UC and CD.  
For genetic research in complex genetic disorders as IBD it is important to have large homog-
enous cohorts of well described patients. In 2001 the CODE study (Chronische Ontsteking van 
de Darm en Erfelijkheid: Chronic Inflammation of the Gut and Inheritance) started in the Uni-
versity Medical Center Groningen. DNA has been, and is still being collected of a large cohort of 
mainly Caucasian patients and family members from the Northern part of the Netherlands. An 
important aspect in studying IBD genetics is the consequent description of disease phenotypes.  
Since IBD is considered a multigenic disorder, different genes are probably involved in different 
subsets of phenotypes. It is therefore mandatory to have internationally accepted classification 
systems for IBD. For the current thesis, the Vienna classification is used, an internationally ac-
cepted and frequently used system. 
Another research subject in IBD genetics is pharmacogenetics. There has been much inter-
est in the pharmacogenetics of azathioprine metabolism. Azathioprine is a purine analogue 
that is frequently used in the treatment of Crohn’s disease but its use is hampered by the 
frequent occurrence of side-effects. Polymorphisms in the thiopurinemethyltransferase (TPMT) 
gene, which metabolizes azathioprine to 6-mercaptopurine and 6-methyl-mercaptopurine, and 
inosine triphosphate pyrophospatase (ITP-ase) deficiency which leads to accumulation of the 
metabolite 6-thio-ITP, have been found to be responsible for a subset of the side-effects of 
azathioprine therapy.  

This thesis focuses on the genetic background of IBD. Our aim was to find specific genotype-
phenotype associations for previously identified genes and to find novel IBD associated 
genes. The first part explores the association of two novel genes with IBD. The middle part 
of the thesis consists of three studies replicating previously described associations in specific 
cohorts using different approaches and the last part focuses on azathioprine toxicity and 
specific diseases or phenotypes.
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Chapter 1 starts with an introduction and describes the aims and outlines of the thesis.
 

This thesis focus on specific genetic associations with IBD. Therefore, a detailed review of 
the current literature on IBD genetics is given in Chapter 2. Tremendous progress has been 
achieved in unraveling the genetic etiology of IBD. It has led to the discovery of mutations in 
CARD15 encoding for NOD2, associated with ileal CD. However it is only partially understood 
how mutations in CARD15 lead to CD. Mouse models, in vitro data and studies in humans of-
fer conflicting data whether there is a loss or gain of function of NOD2 in CD. Current research 
on the role of mutations in CARD15 in the pathogenesis of IBD is reviewed. Since the discov-
ery of the association of CARD15 and CD, many additional genes have been studied. Several 
of these genes are potentially truly associated, but results have been conflicting for many of 
the associations found.  Promising candidate genes include Toll like receptor 4 (TLR4), Multi 
Drug Resistance 1 (MDR1), NOD1 (CARD4), HLA DRB1*103, DLG5 as well as the IBD5 locus on 
chromosome 5, including members of the organic cation transporter cluster 1 and 2. The cur-
rent literature for IBD associated genes is extensively reviewed. Furthermore, once a genetic 
association is established, it is important to identify specific phenotypes or subgroups that 
are associated with specific genetic variants. Therefore a uniform classification scheme like 
the Vienna classification (or its recent modification the Montreal Classification) is of utmost 
importance.

The first part of the thesis comprises two chapters studying the possible association between 
novel candidate genes and IBD susceptibility. We performed a case control study for the 
association of the gene encoding for the interleukin-receptor associated kinase-M (IRAK-
M) and IBD susceptibility in chapter 3. IRAK-M is a Nuclear Factor κB (NF-κB) dependent, 
negative regulator of Toll-like receptor signaling. Toll-like receptors (TLRs) are, like NOD2, 
important components of the innate immune system. TLRs have extracellular leucine-rich-
repeat domains that recognize pathogen associated molecular patterns (PAMPs) and activate 
adaptive immunity. Chronic repeated stimulation of TLRs by PAMPs causes an “endotoxin 
tolerance”. This process involves different mechanisms, including TLR4 downregulation and 
decreased NF- κB activation. In a previous study it was shown that genetically engineered 
IRAK-M knockout mice have an impaired endotoxin tolerance and show an increased inflam-
matory responses to bacterial infection. The function of IRAK-M as a negative regulator of 
TLR signaling, inducing an impaired endotoxin tolerance and an inflammatory response, in 
combination with its localization at an IBD susceptibility locus (IBD2)  makes IRAK-M a good 
candidate gene for susceptibility for inflammatory bowel diseases. Therefore, we studied the 
association of IRAK-M with IBD in a cohort of 542 patients with IBD (309 CD, 233 UC) and 305 
controls. Two exonic single nucleotide polymorphisms (SNPs) and six microsatellite markers 
were evaluated by allelic association analysis and the haplotype sharing statistics. Results 
were stratified for the three known CARD15 mutations R702W, G908R and 1007fsinsC. SNP 
genotyping was carried out by using TaqMan PCR primer/probe sets, designed through Ap-
plied Biosystems’ Assay by Design service by a standardized protocol. Similarly, a standard-
ized procedure was used for the microsatellite marker polymerase chain reactions.  
Power analysis showed that an association with an odds ratio (OR) of >1.75 should be de-
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tected in our study population. However, we observed no significant differences in the dis-
tribution of IRAK-M allele frequencies between the patients with IBD, CD or UC and controls. 
Analysis of specific phenotypes of CD and UC did not reveal any significant differences either. 
Carriership of one or more of the three IBD associated mutations in CARD15 in combination 
with a specific microsattelite marker showed an increased risk for UC compared to patients 
not carrying a CARD15 mutation. Nevertheless, since CARD15 has not been shown to be in-
volved in UC susceptibility before, it is doubtful whether this is a true association or merely 
a false positive result.

In Chapter 4 the genetic association between RUNX3 and IBD is studied. RUNX3 is a member 
of the runt domain family of transcription factors which are increasingly being recognized 
to be involved in autoimmunity. Several reasons make RUNX3 a good candidate gene for 
IBD susceptibility. Firstly, loss of Runx3 function is associated with a spontaneous colitis in 
knockout mice. Secondly, RUNX3 is a member of the TGF- ß signaling pathway, which is 
a potent inhibitor of inflammation in IBD. Impaired activation of RUNX3 might result in 
decreased activity of the TGF- ß pathway and decreased inhibition of inflammation in IBD. 
Finally the gene encoding for RUNX3 resides on chromosome 1p36, which is a susceptibility 
locus for IBD. Four SNPs and four microsattelite markers were studied for RUNX3 in the CODE 
cohort. Furthermore, mutations in the genes SLC22A4 and 5 encoding for the organic cation 
transporters 1 and 2 (OCTN1/2) were found to be associated with CD in a previous publication. 
Another publication showed an association between polymorphisms in SLC22A4, resulting 
in a disrupted binding site for RUNX and rheumatoid arthritis. For that reason, six SNPs in 
SLC22A4/5 (including the known polymorphisms -207 G→C, 1672 C→G and the SNP disrupt-
ing the RUNX binding site in SLC22A4) were analyzed for association with IBD and interaction 
with RUNX3 was studied. All results were stratified for CARD15 status.  
We found a significant association between RUNX3-SNP rs2236851 and UC (OR 1.61; CI 1.11-
2.32, p=0.020). This association was confirmed by the Transmission Distortion Test (p=0.004) 
and Haplotype Sharing Statistics (p=0.012). Carriership of rs2236851 in UC was associated 
with pancolitis (OR 1.86; CI 1.08-3.21) and a tendency to association with an early age of 
onset (OR 1.59; CI 0.98-2.57). For a microsatellite marker in RUNX3, an association was found 
for colonic localization of CD (p=0.022). 
For SLC22A4/5 homozygosity for SNPs rs272893 and rs273900 was significantly associated with 
CD (OR 2.16; CI 1.21-3.59; p=0.008 and OR 2.40; CI 1.43-4.05 p=0.004 respectively) but not 
with UC. Both SNPs were associated with an age of onset >40 yrs (p=0.0016 and p=0.0007), 
ileocolonic localization (p=0.001 and p=0.002), non-stricturing non-penetrating behavior 
(p=0.020 and p=0.011), and extra-intestinal manifestations (p=0.001 and p<0.001). We did 
not find any association for the previously described SNPs rs2631367 (-207 G→C) and SNP 
rs1050152 (1672 C→G) with IBD, CD, UC or any subgroups.
Binary logistic regression analysis revealed an OR of 3.83 (CI 1.26-11.67; p=0.018) for UC pa-
tients with homozygosity for one or both associated SNPs rs272893 or rs273900 in SLC22A4, 
and carriership of rs2236851 in RUNX3. No evidence for epistasis of CARD15 with SLC22A4/5 
or for CARD15 with RUNX3 was found in IBD, UC or CD or in subsets of UC or CD patients.
Next we analyzed RUNX3 and OCTN1 mRNA expression in inflamed and non-inflamed ileal 
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and colonic mucosal tissue samples from 30 IBD patients (16 CD and 14 UC) and 6 controls. 
In controls RUNX3 mRNA expression is evenly distributed throughout the colon and the il-
eum. OCTN1 expression is higher in the ileum compared to the colon (p<0.00001), while the 
expression level is constant throughout the colon. RUNX3 expression levels are increased in 
inflamed colonic mucosa compared to non-inflamed colonic mucosa in UC patients (p=0.01). 
OCTN1 expression is decreased in inflamed colonic mucosa compared to non-inflamed co-
lonic mucosa (p=0.08).
We conclude that we have provided evidence for the genetic association of RUNX3 with ul-
cerative colitis. Furthermore genetic association for Crohn’s Disease with SLC22A4/5 was con-
firmed, although this involved two other SNPs than previously described. An epistatic effect 
of RUNX3 and SLC22A4 was observed for susceptibility for ulcerative colitis. Our data, com-
bined with the increasingly recognized role of RUNX3 in autoimmunity, suggest an important 
role for RUNX3 in UC susceptibility.

The next part of the thesis consists of three studies replicating previously described associa-
tions in distinctive cohorts using different approaches.
In chapter 5, a comparison is made between adult-onset and pediatric-onset CD for genetic 
variants associated with CD susceptibility. Genetic susceptibility may have a more important 
role in the aetiology of early-, than of late-onset IBD. After all, early-onset IBD patients were 
less exposed to environmental factors than late-onset IBD patients. If so, a higher frequency 
of the gene mutations can be expected in pediatric IBD patients. Next to CARD15 and SL-
C22A4/5, associations have been found between DLG5 (Drosophila Discs Large Homologue 5) 
and the Toll-like receptor 4 (TLR4) and IBD. The purpose of this study was to determine the 
frequency of CARD15, TLR4, SLC22A4/5 and DLG5 mutations in pediatric-onset IBD, to com-
pare these data with adult-onset IBD and to identify genotype-phenotype associations. For 
CARD15, the three known risk-associated variants R702W, G908R and 3020insC and for TLR4 
Asp299Gly and Thr399Ile were determined. For SLC22A4/5 the 6 SNPs as described in chap-
ter 6 including SNPs -207G→C and 1672C→T were analyzed. Finally, 4 haplotype tagging 
SNPs in DLG5 including 113G→A were assessed in 103 pediatric-onset and 696 adult-onset 
IBD patients. Phenotypic classification was based on disease localization and behaviour. We 
observed that homozygosity for 3020insC in CARD15 was more prevalent in pediatric-onset 
than in adult-onset CD (4.2% v 0.6%, CI 1.2-42.0) and that homozygosity for SNP rs3792876 in 
SLC22A4/5 was significantly higher in pediatric-onset CD than in adult-onset CD (6.1% v 1.1%, 
p=0.02). For the other evaluated SNPs no difference in distribution between pediatric-onset 
and adult-onset IBD could be observed. On a phenotypic level we observed an association 
of 3020insC and ileal localization for both pediatric-onset and adult-onset groups. Although 
the numbers in the pediatric cohort were small, we concluded that genetic susceptibility has 
a more important role in the aetiology of early- than of late-onset CD and that within pedi-
atric-onset CD specific genotype-phenotype associations can be found. 
Recently, two novel IBD-associated genes were identified in two large genome-wide case-con-
trol analyses. One, an uncommon coding variant (rs11209026) in the gene encoding for the 
interleukin-23 receptor (IL23R) conferred strong protection against CD. It was also shown to 
be associated with UC in non-Jewish patients. The other, rs2241880 in the autophagy-related 
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16-like 1 gene (ATG16L1) was shown to be associated with CD. Since it is of pivotal importance 
that genetic associations are confirmed in independent cohorts from different countries, we 
performed a replication study in chapter 6 for the two most strongly associated SNPs in 
IL23R and ATG16L1 in 518 IBD patients (311 CD and 207 UC) and 893 healthy controls. We 
were also interested in discovering whether these two genes are more generally involved in 
other common chronic disorders of the gastrointestinal tract and we therefore included a 
cohort of 508 patients with celiac disease. The case and control samples, as well as 90 CEPH 
(Centre d’Etude du Polymorphisme Humain) samples included in the International HapMap 
project, were genotyped by primer extension of multiplex PCR products, followed by a chip-
based matrix-assisted laser desorption ionization time-of-flight (MALDI-TOF). We found that 
the rs11209026 SNP in IL23R had a protective effect for IBD in case-control analysis (OR=0.19; 
95% CI: 0.10–0.37; p=6.6E-09). This was true for both CD (OR=0.14; CI: 0.06-0.37; p=3.9E-07) 
and UC (OR=0.33; CI: 0.15-0.73; p=1.4E-03). For ATG16L1 the rs2241880 SNP was associated 
with CD susceptibility (OR=1.36; CI: 1.12-1.66; p=0.0017). The population attributable risk 
for CD is 0.24 for carrying allele G and 0.19 for homozygosity for allele G. No association was 
found between IL23R or ATG16L1 and celiac disease. Our results confirm the genetic associa-
tion of IL23R with both Crohn’s disease and ulcerative colitis, and for ATG16L1 with Crohn’s 
disease.
It is not only mandatory that previously found associations are confirmed in independent co-
horts, these cohorts also need to have sufficient power to detect specific genotype-phenotype 
interactions. For genetic research in complex genetic disorders as IBD it is important to have 
large homogenous cohorts of well described and uniformly phenotyped patients. For that 
reason, on behalf of the Iniative on Crohn and Colitis (ICC), a large nationwide collaborative 
project was initiated. We performed an association analysis for DLG5, SLC22A4/5 and ATG16L1 
with IBD, CD, UC and different subsets of CD and UC. Furthermore we evaluated the interac-
tion between these genes. Results are described in chapter 7. 
DNA samples and phenotypic details of IBD patients from seven University Medical Centers 
in the Netherlands (University Medical Center Groningen; Academic Medical Center, Amster-
dam; VU University Medical Center, Amsterdam; Leiden University Medical Center; Radboud 
University Nijmegen Medical Center; Erasmus Medical Center, Rotterdam and the University 
Medical Center Utrecht) were collected. 2937 patients (1696 CD, 1099 UC and 142 with inde-
terminate colitis) and 1484 healthy controls were included. Phenotypic details were available 
for 2090 patients (1315 CD / 775 UC).  A set of eight SNPs was analyzed for SLC22A4/5. This 
set included, among others, the two known risk-associated SNPs and SNP rs3792876 which 
was found to be associated to pediatric IBD in chapter 7. Additionally, two markers located at 
the 3’ end and 5’ end were chosen to analyze linkage disequilibrium within the IBD5 region. 
Four SNPs were analyzed for DLG5. These SNPs were carefully chosen to identify the four 
different haplotypes described in the original article. The risk associated SNP rs2241880 was 
determined for ATG16L1. 
Firstly, we confirmed the association for CD with the IBD5 haplotype. However, this was not 
due to specific polymorphisms in the SLC22A4 and SLC22A5 genes. Our study was sufficiently 
powered to detect an association for SNPs rs2631367 (-207G→C) and rs1050152 (1672G→C) in 
SLC22A4/5 with an OR of 1.148. However we failed to show any association for these particu-
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lar SNPs. We did, however find an association for (subsets of ) CD with markers at the 5’ and 
3’ end of the IBD5 locus and with a marker in between SLC22A4 and SLC22A5. This indicates 
that SLC22A4/5 are not the CD-associated genes in the IBD5 locus. We further observed an 
association with an early age of onset and a complicated course of CD with specific SNPs in 
the region. 
Secondly, we did find an association for DLG5 and IBD, but surprisingly this risk was higher 
for UC than for CD, in particular with for UC with an extensive phenotype (e.g. leftsided and 
extensive colitis combined: OR of 1.69). This is a novel finding as none of the previously pub-
lished studies have found an association with UC for the R30Q variant. Furthermore, we did 
confirm the association of P1371Q with CD, but could not confirm the protective effect of the 
haplotype A tagging SNP (rs2289311). However, we did find a protective effect for IBD and CD 
for the haplotype B tagging SNP. Our results regarding DLG5 and IBD susceptibility show that 
there is an association with IBD but this effect is not exclusive for CD. This indicates that DLG5 
is not disease specific but a risk factor for IBD in general.
Furthermore, we could confirm the association of ATG16L1 with CD. We found a population 
attributable risk for carrying allele of 0.116. We found the association in particular with CD 
with stricturing behavior and a history of surgical intervention and ileal or ileocolonic local-
ization..This is the first report of an association of ATG16L1 with a specific phenotype of CD. 
We could not find any other associations with UC or any specific subsets, neither on allelic 
nor on a genotypic level.Most importantly, we show that when combining the information 
from ATG16L1, DLG5 and the IBD5 haplotype the relative risk for developing CD increases. 
This risk increases with an increasing number of risk-alleles. This is the first time that this 
effect is reported for CD. It is consistent with the idea that multiple genes are involved in CD 
susceptibility, each with a small overall contribution. We demonstrate that it is possible to 
combine information from multiple common low-penetrance variants to predict the suscep-
tibility for a complex disease. Moreover, an increasing number of risk genotypes or risk alleles 
was not only associated with CD susceptibility but also with a more complex disease course. 
Patients with more risk alleles or genotypes had a more severe disease behavior and were 
more frequently operated. This is an important finding because this emphasizes the fact that 
it might be possible in the near future to create a genetic risk-profile for a patient to predict 
the disease course. 
The last part of the thesis focuses on azathioprine-toxicity in the treatment of IBD. 
Chapter 8 studies the occurrence of side-effects of azathioprine in different diseases. This 
chapter focuses mainly on acute pancreatitis, which is rarely seen when azathioprine is used 
for other diseases than Crohn’s disease. We performed a retrospective case note survey of 
1564 patients using azathioprine after liver or renal transplantation, for systemic lupus 
erythemathosis, Wegener’s granulomatosis, autoimmune hepatitis, rheumatoid arthritis, 
ulcerative colitis or Crohn’s disease. We observed that 11 of 224 patients with Crohn’s dis-
ease experienced acute pancreatitis (4.9%) compared to 2 / 129 (1.5%) with autoimmune 
hepatitis, 2 / 388 (0.5%) after renal transplantation, 1 / 254 (0.4%) after liver transplantation 
and none of the patients using azathioprine for Wegener’s granulomatosis (n=85), systemic 
lupus erythematosis (n=73), Rheumatoid arthritis (n=317) and ulcerative colitis (n=94). The 
prevalence of azathioprine-induced pancreatitis was higher in patients with Crohn’s disease 
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compared to any other disease (p<0.05). Furthermore we observed that azathioprine-toxic-
ity (all toxicity, including acute pancreatitis) necessitating withdrawal occurred significantly 
more in patients with rheumatoid arthritis (24.6%), ulcerative colitis (21.3%) and Crohn’s dis-
ease (23.2%) compared to the other patient groups (p<0,05). 
We conclude that acute pancreatitis is strongly associated with Crohn’s disease and rarely 
occurs with other underlying conditions and that overall azathioprine-induced toxicity and 
the necessity of withdrawal is more common in inflammatory bowel diseases and rheuma-
toid arthritis compared to other diseases. The pathogenesis of azathioprine-induced acute 
pancreatitis is unknown but our analysis suggests that there is a correlation with Crohn’s 
disease, which suggests a disease specific underlying mechanism. Circulating pancreatic an-
tibodies (PAB) have been found in approximately 30 % of patients with CD and were not 
found in healthy controls, or in patients with other gastrointestinal diseases and in various 
autoimmune disorders (including autoimmune hepatitis, systemic lupus erythematosis and 
rheumatoid arthritis). Since PAB and azathioprine-induced pancreatitis are both specific for 
Crohn’s disease, an association or pathogenic role of PAB in azathioprine-induced pancreati-
tis can be hypothesized. A pathogenic mechanism could be that azathioprine aggravates the 
inflammation in an already inflamed pancreas in Crohn’s disease in PAB positive patients. 
In addition to the case-note survey, we evaluated the occurrence of PAB in patients with 
azathioprine induced pancreatitis in Crohn’s disease and in controls with Crohn’s disease, 
hypothesizing that most or all patients with azathioprine-induced pancreatitis have circulat-
ing PAB. Two out of eight patients with AZA-AP were positive for PAB (25%), determined by 
a standardized immunofluorescence method. In the control group of 26 CD patients, two 
patients (7%) were positive for PAB in serum dilutions of 1:2. The difference in prevalence was 
not statistically significant. Therefore, although numbers are small, we could not confirm our 
hypothesis that most or all patients with AZA-AP were PAB positive. 
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Future perspectives

The future of genetics in IBD research will focus on a number of questions. 
1.  How will novel IBD associated genes be identified? How will an association with a  
 specific phenotype be firmly established? 
2. Once a genetic association is confirmed: how is a particular gene -and the 
 mutations found- involved in IBD susceptibility?
3. How will these findings translate to the treatment of the patient? What will be the  
 role of “pharmacogenomics”?
4. Will genetics be helpful in classifying IBD patients?

1. Future genetic studies in IBD
Numerous case-control studies have been performed concerning the association of a specific 
candidate gene with IBD. Many of these studies have resulted in positive results but only 
few of them have been consistently confirmed in independent cohorts. Considerable debate 
is going on about the appropriateness of applying a candidate-gene approach to complex 
genetic diseases as IBD.  It can be successful in identifying genes with high relative risks as 
CARD15. However, UC and CD and even different subsets of UC and CD have different aetio-
logical mechanisms therefore numerous genes, each with a small overall contribution and a 
small excessive risk can be involved. For that reason novel IBD associated genes are probably 
more difficult to identify then CARD15, and it is doubtful whether candidate gene studies in 
small local cohorts will be sufficiently powerful to find new associations. 
Next to hypothesis driven candidate gene approaches, genome wide linkage studies have 
been performed, using markers evenly spaced throughout the genome to identify linkage 
areas. These studies are obviously very costly. New sets with specific markers throughout the 
whole genome have been developed and recently the first genome wide case control studies 
have been performed, identifying two novel IBD associated genes. The gene encoding for the 
interleukin 23 receptor (IL23R) and the autophagy-related 16-like 1 gene were associated with 
CD and IL23R was also associated with UC. To have a homogenous cohort, specific subgroups 
of IBD -in the case of IL23R: CD with ileal localization- were initially studied and subsequently 
the most informative SNPs were confirmed in independent CD and UC cohorts. We were able 
to confirm these associations in the Dutch IBD population. Due to statistical deviation, which 
is invariably associated with this kind of studies, several truly associated genes will not be 
identified. Therefore, it is still worthwhile to perform a genome wide association study in an 
independent cohort using these sets of  markers. One approach will be to start off with a dif-
ferent subgroup of IBD with a specific unambiguous phenotype like ulcerative pancolitis. 
Another important issue is that most genetic research in IBD has been performed in Cauca-
sian patients. Although CARD15 has been confirmed in many different Caucasian popula-
tions, this association could not be found in a Japanese cohort. Probably different genes 
are involved in IBD susceptibility in different races. It is therefore necessary to generate IBD 
cohorts in different races to study IBD susceptibility. 
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To have enough power to detect the association of a specific gene with a particular pheno-
type, large cohorts need to be studied. These cohorts need to have an adequate uniform 
description of the clinical characteristics (e.g. the Vienna or Montreal classification). In this 
thesis we made an effort to establish a nationwide collaborative program for IBD and ge-
netics. On behalf of the Initiative on Crohn and Colitis (ICC) we were able to collect all DNA 
samples and phenotypic descriptions of patients from seven university medical centres in the 
Netherlands and set up a preliminary national database. A firm collaboration between all 
University Medical Centres in the Netherlands presently established for IBD research is.  
For future genetic research, whether it is to identify novel susceptibility genes or confirm pre-
viously found genes, it is mandatory to study large, well phenotyped, nationwide cohorts and 
even larger cohorts of matched controls. This requires a specific infrastructure and collabora-
tion between many research centres with sufficient funding and high-throughput molecular 
platforms. 

2. Genetics and Functional studies
Once a firm genetic association is established, the next question is, how a particular gene 
and the mutations found, are involved in IBD susceptibility. CARD15 encoding for NOD2 is 
strongly associated with CD with ileal localization. CD is characterized by an increased activity 
of NF-κB and NOD2 has been shown to have a role in the activation of NF-κB. However, the 
precise mechanism, how mutations in CARD15 and subsequently activation of NF-κB lead to 
susceptibility of IBD is still only partially understood. Mouse models, in vitro data and stud-
ies in humans offer conflicting data. Further studies are necessary and are currently being 
undertaken to identify how NOD2 variants are involved in IBD susceptibility. 
Since mutations in IL23R are protective for the development for CD and UC it is tempting to 
speculate that a defective receptor for IL23 blocks IL23-driven intestinal inflammation. How 
other associated genes like DLG5 and ATG16L1 are involved in IBD susceptibility is almost 
entirely unknown, and further studies are needed for this matter. 
Close collaboration between clinicians, basic scientist involved in IBD research and the ge-
neticists is necessary to proceed in studying functional implications of mutations in IBD as-
sociated genes.

3. Genetics and the Treatment of  IBD
IBD affect mainly young patients and can cause severe morbidity and have a marked impact 
on quality of life due to relapsing disease, interference with work and / or studies and so 
forth but also due to the use of medication and their side-effects. Up till now there is no cure 
available for IBD and treatment is focussed on the induction of remission and subsequently 
the maintenance of remission. 
Important immunomodulatory drugs, used for the maintenance of remission are the thi-
opurines, but their use is hampered by the frequent occurrence of side effects in IBD as is 
shown in this thesis. Polymorphisms in the genes encoding for Thiopurine Methyl Transferase 
(TPMT) and Inosine Triphosphate Pyrophospatase (ITP-ase) are responsible for a subset of 
side-effects. Future pharmacogenetic research in IBD will be focussed on identifying patients 
that are at risk for the development of side effects of thiopurine therapy. In addition phar-
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macogenetic research might be able to identify patients that are more likely or less likely to 
respond to specific therapy (e.g. polymorphisms in glucocorticoid receptors, tumour necrosis 
factor-α receptors).
Nowadays many so called “biologicals” are being investigated as immunomodulatory medi-
cation. They are directed against different components of the inflammatory cascade involved 
in IBD pathogenesis. This stresses the fact that research in basic immunological and genetic 
mechanisms of IBD susceptibility is mandatory to clarify these underlying mechanisms. 
Moreover this highlights also the fact that clinical doctors treating patients have to be aware 
of these mechanisms, since biologicals will be the most important drugs in the treatment of 
IBD in the near future.
Although genetic research has not yet led to changes in the clinical management of patients, 
it will be helpful in selecting patients for a specific therapy and will provide important contri-
butions in the development of new therapeutic approaches.

4. Genetics and Patient classification
Next to genetic associations, an increasing number of serological markers like perinuclear 
antineutrophil cytoplasmic antibodies (pANCA), antibodies against Saccharomyces cerevisiae 
(ASCA), and Pancreatic antibodies are known to be associated with different subsets of IBD. 
Since the successful connection of CARD15 with ileal CD it is recognized that different pheno-
types of CD or UC are characterized by different genetic and serological markers. 
For future research, it is therefore of utmost importance that patients are accurately phe-
notyped according to a well defined clinical classification scheme. The Vienna classification, 
which is used in the current thesis, is frequently used for genetic studies in CD and includes 
age of onset (A), disease localisation (L) and diseases behaviour (B). A number of studies have 
validated this classification; however, several considerations have led to an update of the 
Vienna classification system during an expert meeting in Montreal in 2005. The main modifi-
cations were the introduction of an early age of onset category (< 16 years), the possibility of 
co-classification of upper gastrointestinal involvement and the inclusion of perianal disease 
as a disease modifier instead of being a form of penetrating disease. The latter is an impor-
tant modification because it is recognized that there is no clear association between perianal 
disease and intra-abdominal penetrating disease. 

The aim of rigorous phenotyping is to include serological and genetic markers into the clini-
cal classification system to stratify patients and eventually to predict disease course and re-
sponse to medical therapy. 






